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Discussion and decision 

1. Introduction

In RAN1#71, a discussion took place on the CQI definition included in the technical specification TS36.213. The issue pertains to how the UE is supposed to measure channel state information, especially in terms of interference averaging, for purposes of CSI reporting. Due to not having a proper definition for CQI, problems have been observed in practical UE implementation, in terms of what kind of CQI should be reported, as well as in eNB implementation in terms of how the received CQI report should be interpreted. While the problem was widely acknowledged, due to lack of time RAN1 was not able to reach an agreement on how to resolve the problem. Therefore the conclusion recorded in RAN1#71 chairman’s notes states:

Conclusion: Highlight in WI status report that this issue has been raised in RAN1. Let RAN plenary determine how this topic should be handled. 

In this contribution we provide some details about the problem at hand, and give a proposal on how to handle the issue in RAN WG1.

2. Discussion
Release 11 introduces a new interference measurement mechanism based on CSI-IM resources. The CSI-IM resource -based measurements replace the previous unspecified mechanism, which in practice meant that UEs were acquiring highly erroneous interference estimates based on CRS REs that see an interference level highly different from the interference level for data on PDSCH. 

With current agreements and RAN1 specifications, the UE is typically free to measure interference based on any of the CSI-IM resource elements (RE) as is evident from the excerpt from the CQI definition in TS 36.213 below:

“Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15…”

The present RAN1 specifications thus effectively leave completely unspecified which CSI-IM REs may be used. Hence, there is no guidance to UE vendors on which resources the UE may average interference over. As a result UE vendors cannot be certain which averaging granularity is appropriate considering its impact on system performance for the multitude of transmission strategies that an eNB can potentially employ. Leaving the CSI-IM REs used for interference measurement completely unspecified leads to inconsistent UE behaviour, thereby making it difficult to tune the network operation to achieve maximal performance. The implications of the above issues have been observed [1] [2] in some real-life situations in which system performance degradation was seen due to poorly matching open loop link adaptation behaviour with respect to the way the UE was performing CQI measurements, while with respect to other open loop link adaptation implementations the UE CQI reporting has been performing perfectly well. From the scheduler perspective at the eNB, different possible interference averaging strategies at the UE side are not desirable either as they lead for example to major challenges to the ACK/NACK based OLLA whose convergence behaviour is highly dependent on the way the interference estimates vary in the CQI estimates. 

Furthermore, some of the main CoMP schemes studied in Release 11 such as DPS/DPB rely heavily on feedback of multiple CSIs where each CSI is supposed to reflect certain interference characteristics. For these schemes it is crucial that the network is sure about the interference averaging behaviour at the UE side. Current specifications do not enable this.
Thus, while the “unlimited observation interval” provides at first glance additional freedom for UE implementation, it also constitutes a problem from system performance perspective when different UEs from different vendors co-exist in one network, operate in various networks and have different behaviours in terms of channel and interference averaging.

The newly specified interference measurement and channel state information feedback methods are supposed to serve the network operation in a flexible manner. The potential reutilization of previous inflexible interference averaging mechanisms would limit the applicability of the design achieved so far. To avoid the problems associated with inconsistent UE behaviour with respect to interference measurements, the RAN1 specifications need to offer clear guidance on which CSI-IM REs the UE is allowed to use for a particular measurement.

3. Proposal

Based on the above discussion, we have the following proposal:
Proposal:

· Allow RAN1 to resolve the issue on what CSI-IM REs the UE may use for a certain CSI reporting instance.
· This may be considered as an essential correction to Release 11 specifications.
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